Electronic parameters for isotope shifts of the 4s — 4p3 /5
transition in Cu I
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o A-65

IS(G5,A) = I/]‘;4 -y = M;. + Fy, 5(7“2)65”4

tracted using the semi-empirical (SE) approach and ab initio caleulations

Isotope 1™ | IS (MHz) & <12 >gp (fn®) 8 <7r® >4 (fm?)

®Cu 17 | -1975(10) ~0.830(10) 0.270(15)

MCu 3/27 | -1717(7) -0.645(7) 0.306(11) 6(7,2)63»65

60Cy 2F | -1415(6) -0.520(6) 26:

Slcu  3/27 | -1188(7) -0.374(5)

62Cu 1+ -825(4) -0.299(4) .

63Cu  3/27 | -576.1(11) -0.1601(12) 0.1544(17)

6Cu 1+ -249(2) -0.114(2 0.025(3) "

$5Cu  3/2

66Cu 1+ -0.118(5)

Tcu  3/2- -0.174(5)

BCu 1F -0.300(6) 4

68Cu 6 231(4) % .— i .
Cu  3/2” 321(3)

0Cu 1+ 1(13)

oCu 37 .402(13) s

0Cu 6 420(4)

Cu  3/2 1526(9) .,

Cu 2 1787(4) .50: se7 Ker? SBKSS Fricke Shera
BCu  3/27 | 1984(12) -0.521(18) Electron Scattering muonic Cu
MCu 27 | 2260(14) -0.67(2) experiments experiment
TCu  5/27 | 2484(16) -0.74(2)

Vingerhoets, PhD thesis 2011 Mark Bissel, private comm.
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Tlle MCDF HlethOd (implemented in the GRASP package)

: CSF defined on optimized spir
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Wave function expansion: CSF defined on optimized spinors
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Method

Tlle MCDF HlethOd (implemented in the GRASP package)

Wave function expansion: CSF defined on optimized spinors

Nc
\I/(JMJTF) = Zciq)({qﬁn,@m};%JMﬂr)
i=1

d’nnm = % ( P’W(T) Xnm(avso) )

1Qnk (1) X-km (0, )

where k is defined as

) -l-1 when  j=1+1/2
- l when jg=1-1/2.




Method

Tlle MCDF lnethOd (implemented in the GRASP package)

Wave function expansion: CSF defined on optimized spinors

Ne
\I/(JMJW) = Zcié({(bnmm};’YiJMJW)
=1

d’nnm = % ( P’W(T) Xnm(aaso) )

1Qnk (1) X-km (0, )

where k is defined as

) -l-1 when  j=1+1/2
" l when j=1-1/2.

Variational principle on the Dirac-Coulomb Hamiltonian

N
Hpc =Y (cai-pi+(Bi- 1) + VM) + 3 1y

i 1>




Method

Systematic increase of model space

= Model space in “2D”

®,(v; Jr) e MR-I
p—g

H(I)k(% JT(') e MR with <%‘ J7T|HDC|7k JTI') +0 V{¢7mm}

o first-order interacting CSF defined in an active sets (MR-I),

{bnxm} chosen with n < 1,4, and 1 < 0
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Systematic increase of model space

= Model space in “2D”

®,(v; Jr) e MR-I
p—g

H(I)k(% JT(') e MR with <%‘ J7T|HDC|7k JTI') +0 V{¢7mm}

o first-order interacting CSF defined in an active sets (MR-I),
{bnxm} chosen with n < 1,4, and 1 < 0

e zero-order multi-reference

MR extended by including ®, in a specific order




Computation of F' factor

core-valence

152 2522p8 3523p°®3dt0 4s/4p

core-core

inner-core-valence

model # CSF 4s 4 CSF dpg)y | V [em™!]  F [MHz/fm?]
DF 1 1125679 -597

+ C-C 1 000 1095 | 25 745 -662

+ C-V 8 700 15 503 | 29 885 -766

+ IC-V 9 465 16 828 | 29 887 =775

+ high order 1154 152 852 797 | 30 751 =772
Fritzsche? 29 244  -680(102)
Johnson et al. ! 31 574

experiment 30 784

! Johnson et al. PRA 42 (1990) 1087

2 unpublished



Experimental mass factors

With

svp>% = 576.1 MHz
F, = -772 Mhz/fm?
§(r*)03%% = 0.15(2) fm? (u)
5(r2)6365 = 0.17(12) fm? (" scat.)

M,, = 1417(32) GHz u (), My, = 1448(190) GHz u (ES) \




Relativistic mass shifts
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F = -772 MHz/fm?, 1S(65-63) = 576.1 MHz
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F = -772 MHz/fm?, 1S(65-63) = 576.1 MHz
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F = -772 MHz/fm?, 1S(65-63) = 576.1 MHz
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core-valence

N

152 2522p0 3523p0 3d'Y  4s/4p

N

core-core

inner-core-valence
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